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The longitudinal distribution of the cord dorsum potentials (CDPs) produced by electro-
acupuncture (EA) stimulation at acupuncture points (APs) located on the hind limbs of
rats was analyzed in this study. Single electrical pulses (0.05 ms, 1 Hz) applied to the
bladder (BL) and the gallbladder (GB) APs produced CDPs on several spinal segments
and were composed of the following four components: an afferent volley, two negative
components (N1 and N2), and one positive component (P wave). The larger evoked CDPs
differed in their rostrocaudal distributions depending on the stimulated AP site, with
those evoked by GB32e33 (at L3) and GB36e37 (at L4) being more caudal than those
generated by BL58e59 (at L5) and BL37e38 (at L6). The CDPs produced by stimulating
nonacupoints (NAPs) showed similar components and rostrocaudal distributions that
were smaller in amplitude than those evoked by stimulating APs. The CDPs produced
by stimulating NAPs located on a meridian acupuncture area were similar in amplitude
and longitudinal distribution to those produced by stimulating APs. Our results suggestof Acupuncture and Rehabilitation, State University of Ecatepec Valley, Avenida Central s/n, Esquina
a´huac Seccio´n “A”, Co´digo Postal 55210, Ecatepec Estado de Me´xico, Me´xico.
(S. Quiroz-Gonza´lez).
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26 S. Quiroz-Gonza´lez et al.that the specificity of EA stimulation for CDPs responses is mainly related to an activa-
tion of meridian pathways associated with peripheral nerve routes rather than to a
restricted point specificity of APs.1. Introduction
Acupuncture is a therapeutic modality that emerged from
traditional Chinese medicine. The efficacy of acupuncture
treatment has been accepted worldwide. The World Health
Organization recommends the use of acupuncture for the
treatment of a large variety of diseases [1]. As amodern new
kind of traditional acupuncture, electrical stimulation of
acupuncture points (APs), which is called electro-
acupuncture (EA), is widely used in both clinical and exper-
imental studies [2,3]. According to traditional acupuncture,
the functional organic system is connected through a
network of channels called meridians, where the Qi streams
to the whole body. The insertion of acupuncture needles in
specific meridian APs may neutralize imbalances of the
streaming Qi within the organism. However, recent neuro-
physiological and neurochemical studies have shown that
many of the effects of acupuncture are mediated by both
humoral and neurochemical factors [3e5]. The AP stimula-
tion has been reported to provoke the activation of Aa, Ad,
and C fibers [3,6,7], and the effect of acupuncture has been
reported to correlatewell with the activity of several central
and peripheral structures in the nervous system of verte-
brates [3,8,9]. The skin andmuscles contain a large variety of
sensory receptors that code a considerable variety of sensory
modalities (cold, pressure, strength, pain, etc.) [10]. These
receptors are innervated by afferent fibers that arrive at
several segments of the spinal cord [11e14].
Several experimental studies have demonstrated that
impulses originating from the peripheral nerves during EA
treatment converge at the level of the spinal cord, where
complex neuronal processes are activated [3,15e17]. In
rats, non-noxious stimulation of large-diameter cutaneous
fibers triggers segmental mechanisms in the corresponding
spinal dermatome to reduce the perception of nociceptive
inputs [3,18].
Electrical activation of cutaneous nerves induces the
activation of conglomerates of sensory neurons located in
the dorsal horn of the spinal cord [19e21], which produces
cord dorsum potentials (CDPs) consisting of four clearly
defined components. The first is the afferent volley (AV),
which is caused by the electrical activation of low-
threshold afferent fibers [21]. This is followed by two
negative components (named N1 and N2), which are
generated by the monosynaptic and disynaptic activations
of dorsal-horn neurons through the Ab- and Ad-afferent fi-
bers in the cutaneous nerves [19e21]. Subsequently, a long-
lasting positive component, named the P wave, which is
ascribed to the current flows generated during the primary
afferent depolarization (PAD) and presynaptic inhibition,
occurs [22,23]. However, little is known about the poten-
tials evoked by EA stimulation on the spinal cord dorsum.
This study aims to compare the segmental longitudinal
distribution of CDPs produced by EA stimulation on APs,nonacupoints (NAPs), and NAPs located at the acupuncture
meridian (NAPsM).
2. Materials and methods
2.1. Animals
Male Wistar rats (nZ 13) weighting 250e300 g (8e10 weeks
old) obtained from the animal house of our institute were
used. All animals had free access to water and were housed
under identical environmental conditions of light and dark
cycles (12:12 hours) and temperature (22e24 C). All ex-
perimentswere carriedout in accordancewith theguidelines
of the Mexican Official Norm (NOM-062-ZOO-1999) and the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publication Number 8023, revised in
1978). The study protocol had been approved by the insti-
tutional bioethical committee for Care and Handling of
Laboratory Animals (Protocol 0267-05, CINVESTAV).
2.2. Surgical procedures
At the beginning of the experiment, the animal was initially
anesthetized with an intraperitoneal injection of a mixed
solution of ketamine (100 mg/kg) and xylazine (2 mg/kg).
This was supplemented every hour by additional doses of
ketamine (50 mg/kg) applied in the same low abdominal re-
gion to ensure that an adequate level of anesthesia, defined
as the absence of withdrawal reflexes, was maintained.
Subsequently, a bilateral laminectomy was performed in the
lumbosacral enlargement (from the L3 to the S2 segments) of
the spinal cord, and the rats were then secured in a stereo-
taxic frame. The animal’s body temperature was monitored
using a thermal probe located at the back muscles and con-
nected to both an automatic feedback control unit and a
heating blanket in order to maintain the animal’s body
temperature at 37 C. The skin flaps and muscle around the
exposed tissues were raised and tied to a metal stereotaxic
frame in order to form a pool, which was filled with warm
mineral oil to prevent the tissues from drying.
2.3. EA stimulation
Pairs of stainless-steel acupuncture needles (0.25 mm in
diameter and 5 mm in length) were inserted perpendicu-
larity at a depth of 5 mm in the left hind limb in both NAPs
and APs located on the bladder (BL) and the gallbladder
(GB) meridians. In this study, we included the combinations
of FeiyangeFuyang (BL58e59), YinmeneFuxi (BL37e38),
ZhongdueYangguan (GB32e33), and WaiqiueGuangming
(GB36e37) APs (Table 1), and the transpositional method
[24,25] for rats was used to determine the GB and the BL
meridians as well as to establish the presence of APs.
Table 1 Acupoint location and neuroanatomy [6].
Acupoint Subcutaneous nerves Deep-layer nerves Location
Feiyang (BL58) Lateral sural cutaneous nerve Tibial nerve On the posterior leg at the
lower edge of the intersection
of the two heads of the
gastrocnemius.
Fuyang (BL59) Lateral sural cutaneous nerve Tibial nerve On the posterior leg, below BL59.
Yinmen (BL37) Posterior femoral cutaneous
nerve
Sciatic nerve Below the gluteal fold, in the
midline of the thigh, in between
the biceps femoris and semitendinosus.
Fuxi (BL38) Posterior femoral cutaneous
nerve
Common peroneal
nerve
In the popliteal fossa of the posterior
knee and lateral to the center of the
crease, medial to the biceps femoris
tendon.
Zhongdu (GB32) Lateral femoral cutaneous
nerve
Muscular branch of
the femoral nerve
On the lateral side of the thigh, above
the knee crease.
Yangguan (GB33) Lateral femoral cutaneous
nerve
Muscular branch of
the femoral nerve
At the depression superior to the lateral
condyle of the femur, on the lateral side
of the thigh.
Waiqiu (GB36) Superficial peroneal nerve,
lateral sural cutaneous nerve
Common peroneal
nerve, deep peroneal
nerve
On the lateral side of the leg, in the
midpoint of the line connecting the
lateral malleolus and head of the
fibula, on the anterior edge of the
fibula.
Guangming (GB37) Superficial peroneal nerve,
sural nerve
Deep peroneal nerve On the lateral side of the leg, on the
anterior edge of the fibula below GB36.
BL Z bladder meridian; GB Z gallbladder meridian.
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pulse generator (Isoflex D 4030), and the CDPs were evoked
in all experiments using single square-current pulses (0.05-
ms duration at 1 Hz) with various intensities. The electrical
threshold was established as the minimum stimulus
strength (usually between 0.9 and 1.3 V) necessary to cause
a discernible CDP response on the surface of the spinal
cord. The stimulation needles for the NAPs and the NAPsM
were located at several places (see below), which are
known to be free of classical APs, on the hind limb.
2.4. CDP recording
Six chlorinated silver-ball electrodes were placed on the
dorsal surface of several segments in the lumbosacral spinal
cord (L3eS2) to record the CDPs (Fig. 1), and the corre-
sponding reference silver electrodes were inserted into the
adjacent paravertebral musculature. Each recording pair of
electrodes was connected to an individual low-noise, high-
gain differential amplifier (Grass, model P511; band-pass
filters were set at 0.3e10 kHz). The resulting records were
digitized, averaged (nZ 40 at 1 Hz), and stored in a digital
computer using a specially designed program (built in Lab-
VIEW environment). The peak amplitude of each component
in the CDPs was measured and subsequently analyzed.
2.5. Data analysis
All statistical analyses were performed using the GraphPad
Prism (version 4) program. Data are expressed as
mean  standard deviation. The two-way analysis ofvariance test for multiple comparisons, followed by the
Bonferroni correction, was used to determine the differ-
ences in the amplitudes of the CDPs obtained at APs, NAPs,
and NAPsM. The differences were considered significant at
p < 0.05 and p < 0.013. Results3.1. CDPs provoked by the stimulation of APs
located in the BL meridian
Electrical pulses (3.5  T) applied to the BL58e59 AP
(Fig. 2C) evoked CDPs in different rostrocaudal segments of
the spinal cord (Fig. 2A). Each CDP consisted of four com-
ponents, namely, one initial component that corresponded
to the AV, followed by two negative components (N1 and
N2), and a long-lasting P wave (Figs. 1 and 2A). It is
important to mention that the N2 component was excluded
from this analysis because it was superposed on the falling
phase of the N1 component, making it extremely difficult to
measure (Figs. 2 and 3A and B). These potentials were quite
similar in shape and rostrocaudal distribution to those
evoked by the electrical stimulation of cutaneous nerves
[23]. The largest components in the CDPs that had been
evoked by BL58e59 stimulation occurred at the L5 segment
and gradually decreased in amplitude at adjacent ros-
trocaudal spinal segments (Fig. 2E). Meanwhile, CDPs
generated by electrical stimulation of NAPs (3.5  T;
Fig. 2A) showed the same number of components and a
20 ms
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Figure 1 Experimental arrangement for the recording of cord dorsum potentials (CDPs) evoked by electroacupuncture stimu-
lation applied to acupoints. AVZ afferent volley; BLZ bladder; N1Z first negative component; N2Z second negative component;
NAP Z nonacupoints; P wave Z positive component associated with PAD and presynaptic inhibition.
28 S. Quiroz-Gonza´lez et al.similar rostrocaudal distribution, but they had smaller
amplitudes (Fig. 2A and E).
By contrast, the different components of the CDPs
generated at all segments by stimulation of NAPs were
located at areas adjacent to the APs; however, inside the
same acupuncture meridian (NAPsM) they showed no sta-
tistical differences in amplitude (p > 0.05) compared with
CDPs evoked by the stimulation of APs (Fig. 2E). The elec-
trical pulses (3.5  T) applied to BL37e38 (Fig. 2D) pro-
duced the largest components in the CDPs at the L6
segment (Fig. 2B and F), and the components were signifi-
cantly larger than those evoked by NAP stimulation
(p < 0.05). No statistical differences were found between
the amplitudes of the different CDP components produced
by stimulation of NAPsM located at the BL meridian and
those produced by stimulation of BL APs (p > 0.05; Fig. 2F).
3.2. CDPs provoked by stimulation of APs located in
the GB meridian
Electrical stimuli pulses applied to the GB32e33 AP
(3.5  T; Fig. 3C) produced CDPs containing the same
number of components as the CDPs caused by BL AP stim-
ulation (Fig. 3A). The largest components in the CDPs
occurred at the L3 segment and gradually decreased in
amplitude at the adjacent rostrocaudal spinal segments
(Fig. 3E). These potentials showed no statistical differences
in amplitude compared with those evoked by NAPsM stim-
ulation (p > 0.05; Fig. 3A and E). Meanwhile, the compo-
nents in the CDPs produced by NAP stimulation had very
small amplitudes compared with those produced by stimu-
lations at GB32e33 and NAPsM (Fig. 3E). By contrast,
stimulation of GB37e36 and NAPsM (Fig. 3D) produced the
largest components in the CDPs at the L4 segment (Fig. 3B),while stimulation of NAPs evoked larger CDPs at the L5
segment, but they had smaller amplitude than those pro-
voked by GB37e36 and NAPsM stimulation (Fig. 3F).
4. Discussion
The data obtained in this study showed that EA stimulation
of hind-limb APs in rats causes CDPs at several lumbosacral
spinal segments. The larger evoked CDPs differed in their
rostrocaudal distribution depending on the site of the
stimulated hind-limb AP, with those evoked by stimulation
at GB32e33 (at L3) and GB36e37 (at L4) being more caudal
than those generated by stimulation at BL58e59 (at L5) and
BL37e38 (at L6), and gradually decreased in amplitude at
the adjacent rostrocaudal spinal segments. The N1 and N2
components in the CDPs generated by the electrical stim-
ulation of cutaneous nerves are well established to be
produced by the monosynaptic and the disynaptic activa-
tions of dorsal-horn neurons located in laminae III to VI and
II through Ab- and Ad-afferent fibers [19e21], and the P
wave is ascribed to the current flows generated by the
presynaptic depolarization of afferent fibers [22].
In this study, during EA stimulation, CDPs with AV, N1, N2,
and P-wave components with rostrocaudal distributions
similar to those provoked by cutaneous nerve stimulation
were evoked [20,23]. This could suggest that acupuncture
stimulation activates spinal neurons located in Rexed
laminae II to VI of the dorsal horn and presynaptic depo-
larization of afferent fibers in several lumbosacral spinal
segments, where cutaneous and AP inputs may have
converged. Anatomical studies have reported that GB and
the BL meridians are innervated by cutaneous and muscular
nerves [6]. The BL58e59 AP receives innervations from the
lateral sural cutaneous nerve and in a deep layer of the
BL58–59
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Figure 2 Cord dorsum potentials (CDPs) provoked in different spinal segments by stimulation of acupoints on bladder (BL)
meridians. (A) Average CDPs produced by stimulations of BL58e59, nonacupoints (NAPs), and NAPs on meridians (NAPsM). (B)
Average CDPs produced by stimulations of BL37e38, NAPs, and NAPsM. (C and D) Schematic representation of the hind-limb
acupoints stimulated. (E and F) Graphs illustrating the average amplitude values of the afferent volley, N1 component, and P
wave (mV) in CDPs produced by BL58e59 and BL37e38 stimulation, respectively. Asterisks indicate significant statistical differences
between CDP responses produced by stimulations of APs and NAPs ()p < 0.05 and ))p < 0.01). N1 Z first negative component;
P wave Z positive component associated with PAD and presynaptic inhibition.
CDPs evoked by electroacupuncture stimulation 29tibial nerve (Table 1). The BL37e38 APs are innervated by
the posterior femoral cutaneous nerve, the sciatic nerve,
and the common peroneal nerve, and GB32e33 APs are
innervated by both the lateral femoral cutaneous nerve and
the muscular branch of the femoral nerve (Table 1). The
GB36e37 APs receive sensory innervation from several
nerves, such as the superficial peroneal, lateral sural
cutaneous, common peroneal, and deep peroneal nerves.
Stimulating the branches of the nerve innervating the hind-
limb stomach meridian (deep peroneal and superficial
peroneal nerves) provoked train discharges in motorneurons [26]. If the depth of needle insertion in the hind
limb and the broad innervations of APs (Table 1) are
considered, it thus seems reasonable to expect that during
EA stimulation, several cutaneous and/or muscle inputs will
be activated and that the different rostrocaudal distribu-
tion of the CDPs produced by GB and BL APs will be asso-
ciated with the broad innervations of the APs and their
projections to the spinal-cord segments. Because the CDPs
were recorded on the surface of the spinal cord, it is not
possible to disclose the probable effect evoked by APs on
motor responses [27,28].
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Figure 3 Cord dorsum potentials (CDPs) provoked in different spinal segments by the stimulation of gallbladder meridian acu-
points. (A) Average CDPs produced by stimulation of GB32e33, nonacupoints (NAPs), and nonacupoints on meridians (NAPsM). (B)
Average CDPs produced by stimulation of GB36e37, NAPs, and NAPsM. (C and D) Schematic representation of acupoint localization
used by the CDP responses produced. (E and F) Graphs illustrating the average amplitude values (mV) of the afferent volley, the N1
component, and the P wave in the CDPs produced by stimulations at GB32e33 and GB36e37, respectively. Asterisks indicate
significant statistical differences between the CDP responses produced by stimulations at APs and NAPs ()p < 0.05 and
))p < 0.01). GBZ gallbladder; N1Z first negative component; P waveZ positive component associated with PAD and presynaptic
inhibition.
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According to the Traditional Chinese Medicine theory, the
therapeutic effects of AP stimulation work through 12
principal meridians that represent channels through which
Qi flows. Abnormal flow of Qi in a meridian is related to
disease, and its natural flow can be restored by stimulation
of the appropriate APs [1,29]. An acupuncturist should first
examine the patient’s symptoms to determine which me-
ridians are involved according to syndrome differentiation
and subsequently choose a set of APs along the meridians tostimulate to evoke the greatest clinical response [29].
However, because several studies have shown that
acupuncture stimulation of nonmeridian, as well as me-
ridian, sites provokes effects similar to those produced by
stimulation at APs, the question of the physiological iden-
tity of the AP and the placebo effects has been raised
[30,31].
Maioli et al [32] showed that both classical APs and NAPs
were similarly effective in modulating upper-limb motor-
evoked potentials elicited by transcranial magnetic
stimulation of the primary motor cortex. Functional
CDPs evoked by electroacupuncture stimulation 31neuroimaging studies have demonstrated a remarkable
overlap between the brain areas activated by needling at
APs and NAPs [33,34]. Until now, the precise nature of the
APs has remained unknown. However, many studies have
suggested that the distribution of APs is related to periph-
eral nerve routes. Consequently, acupuncture is thought to
involve the stimulation of specific peripheral nerves [3,6].
By combining single-fiber recordings with Evans blue
extravasation, Li et al [7] found that the receptive fields
(RFs) of both A and C fibers were concentrated either at
sites of APs or on the route of meridian channels, indicating
that the distribution of RFs was closely, but not exclusively,
associated with APs.
This study found that CDPs produced by NAPs (but NAPs
located near APs) showed components and rostrocaudal
distributions that were smaller in amplitude than those
evoked by AP stimulation, but stimulation of NAPsM evoked
CDPs with amplitudes and longitudinal distributions similar
to those produced by AP stimulation. Thus, the specificity
of EA stimulation for CDP responses is suggested to be
mainly related to activation of meridian pathways associ-
ated with peripheral nerve routes, rather than to a
restricted point specificity of APs.
4.2. Functional implications
Although this study does not address a possible relationship
between the spinal segments activated during EA stimula-
tion and the therapeutic effect of acupuncture, several
pieces of experimental evidence support a possible rela-
tionship between the pain site, organic innervations, and
APs, and such a relationship would be important for the
treatment of several diseases. The most effective depres-
sion of nociceptive responses occurred when APs were
selected in the skin regions in which the source of pain was
located [35]. Similar results were found when EA at the
ST36 hind-limb site decreased the expression of c-fos in the
superficial dorsal horn of the spinal cord in rats [36].
In a clinical situation, different APs in humans are
selected according to the required therapy. For the treat-
ment of pain located in the upper body, such as the head,
neck and arm, APs in the arm are usually used whereas APs
in lower body areas are used to relieve pain such as sciatica
and abdominal pain [3], which is consistent with the prin-
ciple of spinal segmental innervations suggested by Sato
and Schmidt [37]. Acupuncture signals entering the poste-
rior horn of the spinal cord were also observed to influence
the neurons of the anterior and the lateral horns to initiate
soma-to-soma, somatovisceral, and/or soma-muscular re-
flexes [3,6]. Although this study found that EA APs elicited
sensory spinal responses that strongly depended on the
stimulated needling point stimulated, further studies
should be undertaken to establish whether the larger CDPs
evoked by EA are associated with a therapeutic organic
effect and/or reflex responses.
5. Conclusion
The results obtained in this study showed that EA stimula-
tion of hind-limb APs and NAPs in rats caused CDPs at
several lumbosacral spinal segments and that the largerevoked CDPs differed in their rostrocaudal distributions
depending on the site of the stimulated hind-limb AP. The
CDPs produced by stimulation at NAPs showed components
and a rostrocaudal distribution that were smaller in
amplitude than those evoked by stimulation at APs, but
stimulation of an NAPsM evoked CDPs with amplitudes and a
longitudinal distribution that were similar to those of CDPs
evoked by stimulation at APs. Thus, we suggest that the
specificity of EA stimulation for CDP responses is mainly
related to activation of meridian pathways associated with
peripheral nerve routes rather than to a restricted point
specificity of APs.
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